The ensuing contribution gives an insight into the evolution of non-coding ribosomal DNA of two distantly related groups of snails. The non-coding sequences of the ribosomal DNA comprise the First Internal Transcribed Spacer (ITS-1), the Second Internal Transcribed Spacer (ITS-2), and the NonTranscribed Spacer (NTS). These spacers are known to evolve faster than the coding 18S, 5.8S and 28S ribosomal DNA 1, 2, 3 . The fast evolution of the spacers can be used to investigate the genetic relationships of closely related genera, species and other lower taxonomic units with a divergence time of less than 50 million years 3, 4, 5 . The focus of our analysis is on the evolution of the ITS-1 of land snails (Stylommatophora) and of freshwater snails (Basommatophora). These two snail groups have their origin in the Mesozoic. Consequently, we expected their ITS-1 sequences to show strong differences. However, the ITS-1 of stylommatophoran and basommatophoran gastropods is consecutively divided into conserved and variable regions. The detection of conserved ITS-1 regions among distantly related animals gives further insight into the functional significance of non-coding ribosomal RNA.
In the analysis, all published ITS-1 sequences of stylommatophoran and basommatophoran gastropods are taken into consideration. These include the sequences of two species of Albinaria, two species of Isabellaria (Stylommatophora; Clausiliidae) 6 , three species of Bulinus (Basommatophora; Planorbidae) 7 , and four species of Stagnicola (Basommatophora; Lymnaeidae) 8 . In addition, we sequenced the ITS-1 of the following five species (protocols are available on request): three species of Cochlicopa (Stylommatophora; Cochlicopidae), Azeca goodalli (Stylommatophora; Cochlicopidae), and two specimens of Arianta arbustorum (Stylommatophora; Helicidae) (accession numbers: Y16755-Y16765; AF124052-AF124053). The sequences were aligned with the program CLUSTAL W, version 1.5, in order to find homologous regions in all taxa see 9 .
The sequence alignment clearly shows that conserved sequence regions and variable regions occur inthe ITS-1 of stylommatophoran and basommatophoran gastropods. Only a few alignment positions had to be corrected manually. Six conserved blocks, I to VI, ranging in size from 15 to 28 nucleotides were found. Both the relative position ( Figure 1 . sequence comparisons; see Figure 2 ). The six conserved blocks together comprise 19 % to 23 % of the entire ITS-1 length, depending on the species investigated. The variable nucleotide stretches between the conserved regions could not be aligned across all species. The regions I, II, III and IV are separated by variable, short nucleotide stretches, while the variable stretch between region IV and V is relatively large (84 to 162 basepairs; see Figure 2 ). Between region V and VI, three to thirteen variable nucleotides are found. The distance between the coding 18S and region I is relatively large and variable in size (50-129 bp). This is even more distinct for the sequence length between region VI and the coding 5.8S (139-181 bp; see Figure  2 ).
So far, we can date the preservation of the six conserved blocks at 150 million years. This is the approximate time of divergence between the Stylommatophora and the Basommatophora 10 . These two snail groups therefore yield a very good example that ITS-1 sequence patterns can be conserved since a Mesozoic divergence. Preservation of ITS-1 regions is also known in other groups of animals, e.g. in Drosophila melanogaster and in Drosophila virilis. The time of divergence between these congeneric insect groups lies, however, much later (around 40 million years ago see 11 ). The arrangement of conserved and variable regions also allows speculations on a functional significance of the non-coding ITS-1. After the transcription of ribosomal DNA to RNA, the conserved sequence blocks possibly interact with proteins or are involved in processing reactions of the ribosomal precursor RNA cf.11,12,13 . Processing and maturation of the ribosomal precursor RNA of snails might therefore be a further research topic. Another finding may also be of importance for future studies. We compared the GC content of the conserved regions to that of the variable stretches (Table 1 ). The GC content within the conserved blocks is always slightly higher in each group of snails. This could be indicative of mutational constraints due to formation of more stable (GC rich), functional RNA structures 14 . In unconstrained regions transitions from G to A, and C to T are more common 15 , which could also explain the observed differences in the GC content. Putative mutational constraints of ITS-1 sequences of gastropods should therefore be studied more deeply.
The study was supported by a research grant of the Deutschen Forschungsgemeinschaft to G.A. (AR 274/1-1). 
